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A145-TON coast defense gun makes a whale of 
~~ a load even for this 38-wheel tractor and 
double trailer. 

In moving extra-heavy loads of all kinds, 
riggers and heavy-duty truck operators are as- 
sured successful performance of wheel bearings, 
by lubricating with Texaco Marfak Heavy Duty. 

Texaco Marfak Heavy Duty provides a tough 
film that clings to the metal. It stays in the 
bearings — off the brakes— winter and sum- 
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mer. No seasonal repacking required. 

For chassis parts and steering connections... 
Texaco Marfak. It provides ideal film lubrica- 
tion inside a bearing, yet maintains its original 
consistency at the outer edges . . . sealing itself 
in, sealing out grit and water. 

Texaco Lubrication Engineering Service is 
available to you through more thar 2300 Texaco 
distributing points in the 48 States. The Texas 
Company, 135 E. 42nd St., New York 17, N. Y. 
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Oil “Breakdown’’? 


HE word “Breakdown” as applied to lubrica- 
tion is probably one of the most commonly 
used and misused words in the field of lubri- 
cating oil parlance. Lubricating oils do not ‘‘break- 
down” in the normally expected service for which 
they are intended. “Breakdown” implies decompo- 
sition, disintegration and molecular disruption. 
These are phenomena which occur only when the 
oil is subjected to conditions of temperature and 
pressure completely outside the field of “lubrica- 
tion.’” Long before the lubricant will “breakdown” 
in the true scientific sense, the machine or part being 
lubricated would have ceased to function. 
Unfortunately the word “breakdown” as a syno- 
nym for ‘lubrication failure’’ has been so widely 
accepted that this challenge to its usage may have 
to become a crusade. The habit even prevails among 
some of the well-informed in the oil industry itself. 
To correct this misuse of the word ‘‘breakdown,” 


education and discussion of those factors which con- 
tribute to lubrication failures are needed. For ex- 
ample there are lubrication failures due to fuel dilu- 
tion; failures due to increase in temperature; failures 
due to overload; failures due to speed-up. None 
involve “breakdown” of the lubricants involved, 
though some condition of operation may have con- 
tributed to their deterioration. This brings to mind 
what Webster has to say. According to the Collegiate 
Dictionary ‘breakdown”’ is, 

“1. A breaking that causes collapse, such as of 
machinery or health. 2. Chemical decomposition. 
3. A noisy, rapid, shuffling dance.” 

“Detertorate” in turn is defined as, ‘to make or 
grow worse, to impair; degenerate. Deterioration 
implies impairment of quality, character or value.” 

The word “deterioration” aptly describes the 
state of a lubricating oil which has been impaired 
in lubricating value. 





modern mechanisms. 


high temperature and oxygen in this service. 





HE past few years have seen some remarkable developments in engineering design. Speeds have 
been doubled, even tripled as in metal grinding. Temperatures down to —100° F. are now encoun- 
tered as in stratosphere flying. Pressures and temperatures of unpredicted intensity prevail in many 


All this required like progress in petroleum research to develop lubricants which would function 
under these conditions, to avoid failure. This has been accomplished. Lubrication enables machinery 
to operate more dependably than ever, even in the face of high and low temperatures and extreme pressures. 

Meanwhile, the oxidation process — one of the most active contributors to “lubrication failure” — 
has remained unchanged. Its action, however, can be effectively delayed or reduced in proportion to 
the type of lubricating oil or grease selected for the service involved, and the extent of exposure to 
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Fig. 1—Lubrication cycle 


CHEMICAL DECOMPOSITION 


Of the three definitions of ‘breakdown’ 
second — ‘Chemical decomposition” - can apply to 
lubricating oils, and even then not in the commonly 
used sense. 

Chemical decomposition is defined as the dissolu- 
tion of a chemical compound into two or more dif- 
ferent compounds or elements. For example, 


2 H.O 


only the 


decomposes to 


(Water) i. + « 
(Hydro- (Oxygen) 
gen) 


C.H,(COOH). 
(Succinic Acid) 


decomposes to 
C,H, + 2 CO, + Hp 
(Ethylene) (Carbon 
Dioxide) 
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C,H,:0. decomposes to 
(Fruit Sugar) C.H;OH 2 COs 
(Ethyl Alcohol) 


C.H,;OH decomposes to 

(Ethyl Alcohol) CH, H.O 
(Ethylene) 

HOOCH decomposes to 


CO 
(Carbon 
Monoxide) 


(Formic Acid) H.O 


It is apparent from the accompanying table that 
in cases involving chemical decomposition a mate- 
rial has been changed into other materials of simpler 
or less complex structure, and always into materials 
which separately are smaller in the molecular sense 
than the original parent compound. As previously 
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Courtesy of Ingersoll-Rand 
Fig. 2—The electric tugger hoist which Ingersoll Rand builds for coal handling, 


for effective lubrication, 


[ 66 ! 





ep eT 


ee ee ee 





sabes anal et ds 





at 


er 
ils 
ise 


sly 





NAAT sR tea oe oe 


pei 





semana 
Ch bales 


: 
i 
; 
‘ 





LUBRICATION 


Diaphragm — tyor Hegn ore 





nomicatuse of — valves on each orf ator 
team 1 ii 





stated lubricants can be chemically decomposed, but 
not at the temperatures and pressures which exist 
ordinarily in lubricated mechanisms. 

The petroleum industry learned many years ago 
how to decompose the various hydrocarbons which 
make up the crude oil with 
which the industry works. 
This process was called crack- 
ing; it produced the fuel 
which led to the expansion 
of the automotive industry, 
since by this process heavy, 
non-volatile hydrocarbons in 
the gas oil, lubricating oil, 
wax, and heavier ranges can 
be cracked or chemically de- 
composed to form substantial 
quantities of gasoline. As a 
matter of fact more gasoline 
is now made by cracking 
than naturally occurs in the 
crude oil. Careful scheduling 
of cracking operations in the 
refineries allows a balanced 
production of all the petro- 
leum products necessary to 
our normal economy without 
attendant waste. 

This controlled chemical 
decomposition is made to 
take place in the liquid phase 
at elevated temperatures and E 
under very high pressures, 


“ a Fig. 4—The Link-Bel 
These conditions do not oc- . ptamased csc 


which 


atety check foree te tubri 





Stush- proot hardened 
liner held in place 
with torged jack serews 


Stush-proof hard 
ened piston rod 


APi No 5 ta 


Slush-proof valve 
Larqe passage. al 
parts forged ster 
and hardened 


A! 


manifold € 
ction triction t 


Slush - proof one 
piece piston 


f Gardner-Denter Compa 


cur in lubrication, consequently lubricants are not 
subjected to decomposition conditions in normal 
service. It is therefore absolutely incorrect to state 
that an oil has brofen down when used as a lubricant. 

However, lubricants can deteriorate in service. 
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Courtesy of Link-Belt Company 
Simon-Carves coal washer. Note screen and conveyor design 


provides protection for the lubricated parts. 
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Cour f S.K.F. Industries, 1) 
Fig. 5—Showing how S.K.F. designs the bearing mounting for 
pulp grinder shaft, so as to prevent lubrication failure. 


Deterioration is generally accepted as meaning the 
occurrence of a change in a product or mechanism 
which makes it less desirable, unusable for the pur- 
pose intended, or of reduced value or usefulness. 
Lubricants deteriorate for a number of reasons, some 
of which are the fault of the lubricant or the use to 
which it was applied. More often this deterioration 
is due to contamination or the malfunctioning of the 
lubricated mechanism or an associated member due 
to improper maintenance or faulty operations. It will 
be of interest to cite some cases. 


LUBRICANT DETERIORATION 
(INTERNAL CAUSE) 


If a lubricant is exposed to high temperature and 
oxygen it will eventually oxzdize. The length of time 
before this occurs and the extent to which it occurs 
depends on the temperature, the extent of exposure 
to oxygen and catalytic metals and the ability of the 
lubricant to withstand oxidation. 


Oxidation is usually a cumulative process in that 
continued exposure to oxidizing conditions con- 
tinues the oxidation reaction. It is usually an acceler- 
ating process since the oxidized materials appear to 
promote further oxidation beyond the normally ex- 
pected rate. Not only do more and more lubricant 
molecules start the oxidation process as time goes 
on, but molecules which have started to oxidize con- 
tinue oxidizing to make more complex compounds. 
As an illustration of this, methane, the simplest 
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hydrocarbon molecule—formula CH,, progressively 
oxidizes as follows: 
Methane CH, oxidizes to methanol CH.OH 


Methanol oxidizes to formaldehyde CH,O 


+ H,O 
Formaldehyde oxidizes to formic acid HCOOH 
Formic Acid 
CO 


converts to CO+-H.O 


oxidizes to CO, 


Similarly as the various more complex molecular 
types ina lubricant go through the oxidation process 
they successively form 


Hydrocarbon ——> Aldehyde or Acid 
Aldehyde or Acti ———» Resin 

Resin ———==—y> Varnish 

Varnish ——> Lacquer 


Lacquer ——» 9 Carbonaccous material 
and coke 


Regardless of the care taken in refining a lubricat- 
ing oil or the extent to which it is fortified with 
additives, it can be oxidized, given enough time, 
temperature and exposure to Oxygen. The extent to 
which an oil will oxidize depends as indicated upon 
five conditions: 


1. The ability of the oil to resist oxidation 


2. The extent to which oxygen (air) ts in contact 
with the oil. 


3. The temperature at w hich the contact occurs. 


—S 


. The length of time of exposure to oxygen and 
temperature, 


5. The presence of any material which can act 
as a Catalyst. 
Normally hydrocarbons oxidize rather readily: 
the tendency to oxidize decreasing as the molecular 
structure increases in size. 


There are two ways in which oxidation can take 
place. 


1. When hydrocarbons burn to HO (Water), 
CO (Carbon Monoxide), and CO, (Carbon Di- 
oxide) the hydrocarbon actually splits up or decom- 
poses as previously described. 

2. When temperatures are not high enough to 
cause burning the oxygen generally adds itself 
directly to the original molecule, and as this step 
proceeds the molecule becomes more oxidized ac- 
cording to the schemes outlined previously 


In the case of the large lubricant molecules the 
oxidized materials may link together or combine to 
form still larger molecules which result in the 
sludges of various kinds found in systems where the 
lubricant is not removed before this severe deteriora- 
tion has occurred. 
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Cour f Worthis , 
Fig The Wortl Carbondale « 
AIR NECESSARY FOR 
OXIDATION 


If air can be excluded or kept away 
from lubricating oil the latter cannot 
oxidize or deteriorate of its own ac- 
cord. It is impossible to accomplish 
this completely in most designs and 
mechanisms; in fact, it may even be 
inadvisable tn a few cases such as an 
internal combustion engine which is 
running at low jacket temperatures 
and low output as in “'stop and go” 
driving. Under such conditions water 
vapor of combustion may be condens- 
ing on cylinder walls and working into 
the crankcase oil. This condition can 
form an emulsion-sludge which will 
freeze on oil pump suction screens 
during sub-freezing weather and 
starve the engine of lubricating oil. In 
this case it is necessary to adequately 
ventilate the crankcase to sweep out as 
much water vapor as possible. 


EFFECT OF TEMPERATURE 
ON OXIDATION 


Temperature exposure of lubricat- 
ing oil can often be easily controlled. 
The benefits are self-evident. 


It is a chemical axiom that most 
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reaction rates double with 
every 18°F. increase in tem- 
perature, and oil oxidation is 
not an exception. At lowe 
temperatures this is not seri- 
ous, as temperatures are 1n- 
creased, however, the effect 
becomes progressively more 
marked. 

Attention to this design or 
installation detail is often the 
distinguishing feature be- 
tween two similar engines or 
mechanisms which are other- 
wise similar except that one 
is pronounced “hard on lube 
oil.” 


LUBRICANT 
DETERIORATION 
(Externally Caused) 


2 OIL FLOAT VALVES 
OIL PRESSURE CONTROLS . . 
LINE FROM OIL COOLER 1. Dilution ; 

Lubricating oils are made 
in a wide range of viscosities 
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Courtesy of American Hoist and Derrick Company 
Fig 


In materials handling, lubrication failures may occur if all operating parts 
are not 1 


well protected. A. & D provide for protected lubrication on all 
such equipment they build. 
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Courtesy 


films at the temperatures and pressures existing at 
the lubricated surfaces. It is quite possible for in- 
ternal combustion engines to pass unburned fuel, 
or for reciprocating compressors to pass the com- 
pressed gas into the lubricating oil, thus diluting 
the latter or reducing its viscosity. If the viscosity 
is thus reduced below the safe lower limit for the 
lubricated system, trouble results; the failure often 
being erroneously charged to lubrication break- 
down, although the oil was not deficient in itself. 


2. Contamination 


Internal combustion engine fuels are usually hy- 
drocarbons, meaning they are made up of materials 
composed of hydrogen and carbon. In burning, the 
hydrogen combines with oxygen in the air to form 
water, and the carbon combines with oxygen to form 
carbon monoxide or carbon dioxide. This means 
that the fuel molecules are actually chemically de- 
composed under combustion conditions so that 
hydrogen and carbon combine with oxygen before 
the burning is completed. Improper combustion can 
result in the presence of unburned carbon particles, 
some of which work their way past the pistons into 
the lubricating oil. Also any lubricating oil which 
finds its way into the combustion chamber is almost 
certain to burn incompletely, resulting in combus- 
tion chamber carbon deposits and some carbon par- 
ticles working down into the crankcase. 
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Fuel additives such as anti- 
knock compounds are often 
dithcult to burn completely, 
and will, as a result form un- 
burned residues which also 
can work down into the 
crankcase. 

From the time a cold en- 
gine first starts until the tem- 
perature on the cylinder 
walls has risen above the dew 
point, (which may take sev- 
eral minutes), the water 
vapor formed by burning the 
hydrogen component of the 
fuel will 
cylinder walls and in part 
work down into the crank- 
case. Leaky cylinder head 
gaskets or cylinder liner seals 
also will permit water and 
anti-freeze materials to enter 
the crankcase. 

Operation of any equip- 
ment under conditions con- 
ducive to abnormal wear of 
lubricated parts permits quan- 
tities of powdered metal to 
enter the lubricating system. 

Dust is one of most common external contam- 
inants of lubricants and means for straining all air 
entering a lubricating system will be worth while 
wherever practicable. 

In reciprocating machinery compressing gases or 
liquids (air or refrigeration compressors or pumps) 
it is impossible usually to keep the medium being 
pumped from contaminating the lubricating oil or 
vice versa. In the majority of cases means are pro- 
vided for handling this type of contamination if it 
imposes a detrimental effect. 

In refrigeration compressors utilizing halogen- 
ated refrigerants such as the ‘'Freons’’ it is common 
practice to allow for the diluting effect of these 
materials on the lubricating oil when selecting the 
viscosity of the latter. 

In some designs it may be possible for greases, 
through overheating or over-application, to reach 
portions of an allied system designed for fluid lubri- 
cation. This will eventuaily lead to trouble. 

Use of the wrong type of lubricant also can be 
regarded as a cause of external contamination. 

There are, surprisingly enough, many records of 
cases where make-up oil or grease of an incorrect 
type was added to the system. The results ranged all 
the way from no damage to complete failure of the 
lubricated mechanism. 


MANAGEMENT’S RESPONSIBILITY 


The cost of upkeep in the maintenance of bear- 


condense on the 


of Koehring Company 
Fig. 8—In earth moving and contracting operations, machinery also must be designed for 
lubrication in the presence of abrasive foreign matter. Good sealing prevents entry and assures 

against lubrication failures. 
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ings, pistons, 
proper function 
ciently may vary widely. Effective lu- 
brication is insurance in this regard, 


gears, chains, etc., in 


condition to ethi- 


it is the secret of minimum friction, 
reductions in wear, and dependable 
operation of machinery as a whole. 


The cost of lubrication rather than 
the cost of lubricants should be given 
primary consideration. Those who 
have studied these details in power 
and industrial plant Operation fully 
realize that there is more to the cost 
of lubrication than just the initial cost 
of the necessary lubricants, their 
means of application and the labor 
required. 

Unfortunately, the unit cost idea, 
as applicd to initial expense for lubri- 
cants, does not always lead to ulti- 
mately the lowest cost for lubrication. 
Many variables may be present which 
must be considered. These will have 
to do with operating conditions in the 
slant, means and methods by which 
ubricants are handled and applied, 
and the relative cost of the amount of 
lubricants needed with respect to the 
work required. 

Lubrication is furthermore a most 
decided factor in the maintenance of 
production schedules. Production will 
depend naturally upon keeping ma- 
chinery running. There is no more 
prevalent mechanical cause for cessa- 
tion of operation than imperfect or 
insufficient lubrication. As a result, in 
view of the fact that the management 
is responsible for production, natu- 
rally their interest should be centered 
upon this most important adjunct to 
operation. There was a time when lu 
brication simply required the applica- 
tion of lubricants; also the greater the 
olume used the more effectively did 
ve believe the plant was running. To- 
lay, however, this idea has been dis- 
roved. Conservation of lubricants. 
«nd decrease in costs of maintenance 
-nd labor must be considered. 

Lubrication is directly related to the 
cost of maintenance and repair, for if 
lubrication is not carried out by prod- 
i cts suited to the operating conditions, 
liaintenance cannot be dependably 
Controlled. In other words, regardless 
c’ how efficient a lubrication system 
ray be, if the lubricant is not suited 
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for the purpose, or if it has been stored and handled 
in a careless manner and allowed to become con- 
taminated with dirt or other foreign matter, there 
will always be danger of wear, overheating of bear- 
ings or faulty circulation, which will lead ultimately 
to failure of some part of the machine. This is when 


repair bills become abnormal and disruption of the 


production schedule occurs. 


EXECUTIVE COOPERATION 


The advancements which have been made in 
lubrication over recent years render it highly advis- 
able for the industrial and power plant executive to 
keep pace with this progress, just as the lubricating 
engineer has kept pace with industrial and machine 
development. This will lead to maximum produc- 
tion with minimum operating costs. Furthermore, 
the executive must realize that it is scientific re- 
search, not advertising propaganda, which dictates 
that there is usually a grade of lubricant best suited 
for each and every type of operation, as indicated 
by its physical characteristics and chemical stability. 

This ultimate maximum of efficiency in the usage 
of lubricants, however, is only attainable through 
continuous cooperation between plant executives 
and engineers, and the lubricating experts represent- 
ing the oil industry. For this reason it is solic 
where the volume of lubricants concerned will war- 
rant, to employ a lubricating engineer whose duties 
should be the supervision of plant lubrication. He 
should preferably be a technical man, familiar with 
machine details and lubricating equipment, con- 
versant with the types of lubricants available on the 
market, and able to plan and carry out practical 
experimental work to prove the adaptability of such 
products with respect to operating conditions. 

In cooperation, the petroleum industry is devot- 
ing intensive research relative to the development 
of lubricating oils and greases which will be ps teeny 
in every characteristic for the function they are in- 
tended to perform. Naturally a wide range of con- 
ditions must be taken into consideration in this work 
due to the fact that many plants will operate similar 
machines quite differently, and grades of lubricants 
that would be suitable in one may be unsuitable in 
another, due to such elements as excessive speeds, 
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heat, water, acids or other chemicals. It is a broad 
subject, but one wherein cooperation will solve 
many of the minor problems, and so govern matters 
that the seriousness of the larger problems will be 
reduced to a marked degree, with decidedly favor- 
able reaction upon the cost of lubrication irrespec- 
tive of the initial cost of the lubricants employed. 

Many of these problems are largely dependent 
upon the care with which the lubricants are origi- 
nally selected and the intelligence of the operators 
who have to do with their storage, handling and 
application. The amount of care which must be 
given to selection of lubricants will, of course, 
depend in turn upon the reliability of their source. 
If bought from a refiner of recognized integrity, 
furnishing engineering service and technical advice 
to its customers, the possibility of its products be- 
coming involved in difficulties will be far less than 
where lubricants are bought by the user according 
to his own ideas, and without regard to engineering 
principles or lubricant characteristics. Hence the 
value of lubricating engineering service;—the pur- 
pose of which is to increase machine efficiency and 
production to a maximum by the elimination of 
lubrication problems wherever possible, and to 
develop the most economical cost of lubrication. 
Obviously, this is intimately related to cost of up- 
keep and maintenance. 


CONCLUSION 


Regardless of the extremes to which the petro- 
leum refiner may go in careful selection of stocks, 
refining methods, blending, and fortification of 
lubricating oils and greases with additives, it is 
possible to deteriorate these carefully prepared prod- 
ucts. Technological advancements have produced 
lubricants capable of performing services unheard 
of a few years ago. However, contamination in 
service and deterioration because of oxidation still 
constitute formidable barriers to prolonged usage. 

Careful selection of the proper lubricant and 
rigorous attention to control of operating tempera- 
tures and oxygen exposure will insure good service. 
Scrupulous care to avoid cr minimize contamination 
will prolong the life cf the lubricant and the 
machine. 


Printed in U.S.A. | 

Salley & Collins, In 
305 East 45th St 

New York 17, N 
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NE of the worst blows inflicted by re- 

treating enemy armies is knocking out 
the local electric light plant. Whenever this 
happens, one of the new Westinghouse 
power trains moves in, hooks up to out- 
going lines and re-establishes service to 
the community. 

Unfailing electric service here at home 
is equally important, and plant operators 
are assuring against power failures by 
lubricating with TEXACO., 

Texaco Regal Oils (RG O), for example, 
keep steam turbine systems clean, bearing 
temperatures normal, governor action 
smooth and sensitive. These oils free them- 
selves rapidly from air and water, are 
highly resistant to gum formation and 
sludging and are rust and oxidation in- 


hibited. 









Texaco lubricants have proved so effec- 
tive in service that they are definitely pre- 
ferred in many fields, a few of which are 
listed below. 


Texaco Lubrication Engineering Service 
is available to you through more than 2300 
Texaco distributing points in the 48 States. 
The Texas Company, 135 East 42nd Street, 
New York 17, N. Y. 


THEY PREFER TEXACO 


*% More locomotives and railroad cars in the U. S. are 
lubricated with Texaco than with any other brand. 
% More revenue airline miles in the U. S. are flown 
with Texaco than with any other brand. 

% More buses, more bus lines and more bus-miles cre 
lubricated with Texaco than with any other brand. 

% More stationary Diesel horsepower in the U. S. is 
lubricated with Texaco than with any other brand. 

% More Diesel horsepower on streamlined trains in 
the U. S. is lubricated with Texaco than with all other 
brands combined. 
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ALL turrets of high flying bombers 
B are right out in the open, exposed 
to numbing cold of 80 below and lower. 
In this intense cold the operating mech- 
anism may freeze up, become as rigid as 
though one piece. 

Working to master this situation in 
high-altitude flying, Texaco developed 
LOW-TEMP Grease. 

Texaco LOW-TEMP Grease is getting 


an enthusiastic reception because it as- 
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ATLANTA 1, GA. 133 Carnegie Way 
BOSTON 17, MASS. . 20 Providence Street 
BUFFALO 3,N. Y. . 14 Lafayette Square 
BUTTE, MONT. . Main Street & Broadway 
CHICAGO 4, ILL. . 332 So. Michigan Avenue 
DALLAS 2, TEX. . . 2310 So. Lamar Street 
DENVER 1, COLO. . . . . 910 16th Street 

SEATTLE 11, 


WASH. . 
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sures efficient lubrication throughout a 
temperature range of 100° F. below zero 
to 175° F, above. Already LOW-TEMP 
has exclusive approval for use in Fair- 
child Aerial cameras. 

A Texaco Aviation Engineer is at your 
service to help solve low temperature 
problems. 

The Texas Company, Aviation Ditvi- 
sion, 135 East 42nd Street, New York 17, 
N. ‘Y. 


DISTRICT OFFICES 





HOUSTON 1, TEX. . 720 San Jacinto Street 
INDIANAPOLIS 1, IND., 3521 E. Michigan Street 
LOS ANGELES 15, CAL. . 929 South Broadway 
MINNEAPOLIS 2, MINN. 300 Baker Bldg. 
NEW ORLEANS 6, LA., 919 St. Charles Street 
NEW YORK 17, N. Y. 205 East 42nd Street 
NORFOLK 1, VA. . Olney Rd, & Granby St. 
3rd & Pike Streets 


Texaco Products distributed throughout Canada by McColl-Frontenac Oil Company, Limited, MONTREAL, CANADA 





